• Glass ionomer cement has demonstrated low flexural strength. Recently, a biocompatible carbonbased additive has been used to supplement the cement, which, according to the manufacturer, improves the strength of the material. This study concluded that flexural strength of glass carbomer cement was similar to conventional glass ionomer cement. Therefore, its use should be limited to areas of minimal stress.
Introduction
In dentistry, operators have always encountered the common problem of replacing missing tooth structure by artificial materials with regard to both aesthetics and function restoration. The ability of the dentist to accomplish the desired result has been limited by certain basic factors such as the availability of suitable materials compatible with the hazards present in the oral cavity and the development of an appropriate process for their daily use. Ideally, a restorative material should have physical properties identical to those of the tooth and should also mimic it aesthetically [1] . During the first half of the 19th century, amalgam and gold were developed as viable restorative materials for dentistry [2] . However, their poor aesthetic properties led to the development of dental cement and more aesthetically acceptable restorative materials. Glass ionomer cements (GIC) were a step in this direction and have now become one of the most commonly used restorative materials in dental practice.
GIC are classified as acid-base cements. They are formed as a result of a reaction between weak polymeric acids and powdered glasses, with the final structure containing filler particles in the form of unreacted glass which helps in reinforcing the set cement [3] . Conventional GICs have been used in the oral cavity mainly due to their favorable properties such as the ability to bond to tooth structure, fluoride release, bactericidal ability, and the potential to promote remineralization [4] . However, despite these advantages, GICs are not considered as first-choice restorative materials like amalgam or resin composites. This is primarily due to the low compressive and flexural strength of GICs [5] , which limits their use to cases where the level of stress on restoration is minimal. To overcome this drawback, improved formulations of GIC have been developed, mostly with the addition of resin [6] . Further improvement in the material has led to the development of glass carbomer cement (GCP) which incorporates nanosize particles with fluorapatite being added as a secondary filler [4] . The use of nanosize particles helps to increase the surface area for reaction of the cement leading to a better reactive process, while the inclusion of fluorapatite converts the glass ionomer into a fluorapatitelike material, as shown by Van Duinen et al. [7] . A biocompatible carbon-based additive has been used to supplement the cement, with the objective of improving the strength and transparency of the material [8] . Moreover, the fine structure of the cement gives it a smooth and highly polished surface similar to resin composite restorative materials.
Flexural strength is a mechanical property of the material and can be defined as "the ability of the material to resist deformation under load" [9] . This study aimed to analyze the effects of different storage media and different time intervals on the flexural strength of GIC and the recently developed GCP. The hypothesis tested was that the flexural strength of GCP would be superior to conventional GIC with regard to different storage media and time intervals.
Materials and Methods

Mold Preparation
Silicone putty Zetaflow hydrophilic polysiloxane (Zehrmack Clinical, Badia Polesine, Italy) was used as the material of choice for the creation of molds (2 × 2 × 25 mm). The mold was created using a stainless-steel scaffolding to get the desired dimensions and allow easy removal once set, thus minimizing the risk of fracture. The scaffold also reduced the possibility of chipping the edges of the molds thus eliminating any chance of affecting the flexural strength of the specimens.
Preparation of GIC Samples
A chemically cured GIC (Fuji IX, Shade A3; GC International Corp, Japan) was provided in powder and liquid form (Table 1) . Once the material was manipulated according to the manufacturer's instructions, it was placed in the silicone mold using a metalplastic instrument. The material was adapted to the surface of the mold with slight pressure. Compression firming was done by hand using a plastic instrument to allow proper adaptation of the material. The material was allowed to set for 160 s, and a metal-plastic instrument and tweezers were used to remove the sample from the mold. The samples were then examined visually for imperfections. All the specimens were polished using 600 grit sandpaper to remove any coating of lubricant from the surface
Preparation of GCP Samples
A light-cured GCP (Gloss and Fill, Shade A1; GCP Dental, Vianen, The Netherlands) was available in encapsulated form ( Table 1 ). The inner surface of the mold was coated with GCP gloss. After mixing and activation of the capsule in a Carbomix CM-02 machine (GCP Dental) for 15 s, the material was placed in the mold with slight pressure, and excess from the surface of the mold was removed using a plastic instrument. The entire sample was cured using a high-power Carbo LED curing light for 60 s. After the material was set, it was carefully lifted out of the silicone mold using a metal instrument. The samples were than examined usually for imperfections. All the specimens were polished using 600 grit sandpaper to remove any coating of lubricant from the surface.
Testing of Samples
A total of 80 samples were prepared and stored at 37 ° C (100% relative humidity) and divided into 16 groups (n = 5 each) according to time intervals (24 h and 1, 2, and 4 weeks) and the storage medium (artificial saliva and Vaseline). Prior to laboratory testing of the specimens, each sample was measured for dimensional accuracy using a graded micrometer screw gauge (Mitutoyo, Kawa-DOI: 10.1159/000489781 saki, Japan). The samples were then placed on the Universal Testing Machine (model 5567; Instron, High Wycombe, UK), and a load of 1 kN was applied using a 3-point bending test (I = 20 mm) at a crosshead speed of 1 mm/min till fracture of the specimen. The readings were recorded with the help of Bluehill 2 modular software (Instron), and flexural strength (σ) was calculated using the following formula:
where F is the maximum load (N), l is the distance between the supports on which the sample is placed (20 mm), b is the width of the specimen (2 mm), and h is the height of the specimen (2 mm). Data were analyzed using Statistica software (Statsoft, Tulsa, OK, USA) using ANOVA and the Tukey post hoc test (p < 0.05). Table 1 shows the flexural strength value of 25.14 ± 13.02 for Fuji IX, which is 0.87 MPa higher than that of GCP (24.27 ± 12.57 MPa). The mean flexural strength for samples stored in artificial saliva was 2.36 MPa higher than in Vaseline: 25.89 ± 14.08 and 23.53 ± 11.27 MPa, respectively (Table 2) .
Results
There were no significant differences in flexural strength of FUJI IX and GCP regardless of any solution or storage time. Under artificial saliva, the samples reached a peak flexural strength after 2 weeks for both materials, while the materials showed reduced strength after 4 weeks. In the Vaseline group, the samples showed a homogenous pattern between 24-h and 1-and 2-week time intervals, while 4-week interval samples showed the least flexural strength (Fig. 1) .
Discussion
Glass ionomer-based cements are the material of choice for atraumatic restoration treatment [10] and for restoring cervical dental lesions. They are preferred as they release fluoride and provide chemical adhesion with tooth structure requiring minimal preparation [3] . However, one of the major drawbacks of GIC is their relatively low fracture strength compared to modern resin composite materials [11] . Therefore, the current study assessed and compared the flexural strength of conventional GIC (Fuji IX) with a newly developed GCP. According to the manufacturer, GCP has a higher value of flexural strength than conventional GIC. A study conducted by Gorseta et al. [12] in 2009 showed a flexural strength value of 122.29 MPa for GCP. Another study evaluating the flexural strength of GCP showed values between 9.5 and 10.1 MPa [13] . The methodology adopted by the former study was duplicated in our research and was aimed at determining whether similar results could be obtained. The flexural strength is a commonly evaluated mechanical property of the material as it is more susceptible to showing subtle changes in the substructure than compressive strength tests. Moreover, the flexural strength test produces an appropriate estimate of the tensile strength of the material, thus mimicking the clinical loading situation [2] . Our results indicate that storage media and time intervals had no significant effects on the flexural strength of the cements. Both cements had a uniform pattern of initial increase followed by a decline with respect to time intervals.
Fuji IX showed a mean value for the flexural strength of 25.14 MPa for all samples. A study assessing the flexural strength of GIC showed a mean value of 58 MPa after 2 weeks of storage [14] , which is slightly higher than the results achieved at the 2-week interval in this study. Azil- lah et al. [14] suggested that this flexural strength value could be related to the chemical composition of the cement, i.e., the size of the filler particles and the chemical reaction that occurs during setting which causes hydration of the setting matrix and formation of higher-density complex cross-links during the acid-base reaction. Similarly, an experimental study conducted by Prosser et al. [15] showed that the filler particles had a stronger effect on the flexural strength of GIC than the liquid component. Mitra and Kedrowski [16] evaluated the flexural strength of GIC after a storage time of 24 h and found it to be 14.2-20.5 MPa, which is similar to our results. Similar findings of flexural strength were reported by Xie et al. [17] when they evaluated the various commercially available conventional GIC and found flexural strength values ranging from 21.2 to 31.4 MPa. The difference in flexural strength values between various conventional GIC was attributed to dissimilarities in microstructure, denser surface structure, less and smaller voids, and different particle sizes. GCP showed a mean flexural strength value of 24.27 MPa for all samples. Three other similar studies were performed previously by other researchers to evaluate the flexural strength of GCP. Two studies conducted by Gorseta et al. [12, 18] in 2009 and 2017 showed flexural strength values of 122.29 and 127.1 MPa for GCP, respectively. According to the authors, these values were attributed to the glass nanoparticles present in the filler of the cement. The other study was conducted by Menne-Hap and Illie [13] in 2013, which showed flexural strength values of GCP between 9.5 and 10.1 MPa after 1 week of storage. One reason cited for the variation in flexural values was the chemical composition of GCP which is free of monomers and contains modified polysiloxanes that cause it to react differently to moisture. However, the composition of GCP in the current study and that by Manne-Hap and Illie [13] was identical. Therefore, the alternative factor could be the use of LED curing light to provide heat during the setting reaction, which was different between the current and their study. Recently, the effect of heat on the mechanical property of GlC was reported by Gavic et al. [19] . They reported increased microhardness of GIC at different depths when thermolight curing was utilized during the initial setting of the material. This improved microhardness can lead to increased flexural strength, thus improving the mechanical properties of the material [19] .
The flexural strength of all the samples stored in artificial saliva showed a mean value of 25.89 MPa, while samples in Vaseline showed a mean flexural strength value of 23.53 MPa. Typically, prior to testing, the samples are stored in aqueous media such as deionized distilled water of high purity [20] . However, this storage medium for GIC is not ideal as it can lead to diminished physical properties due to absorption of water molecules by the cement [20] . Studies have shown susceptibility of the cement to chemical erosion caused by hydrolysis when stored in distilled water [21] . Also, matrix-forming ions are released in the medium to help the process of buffering, thus affecting the strength of the material [20] . Nonetheless, some studies have shown no effect of storage media on the physical properties of the cement. A study conducted by Zoegerbiel and Ilie [22] suggested no significant difference in the flexural strength of GIC when the samples were stored in distilled water and artificial saliva. Another study by Nicholson et al. [23] reported that chemi- cal reaction does occur when the cement comes into contact with water, but the effect is minimal.
Ideally, natural saliva should be used as a storage medium as the material is exposed to this medium in the oral cavity. However, studies involving natural saliva have proven to be difficult as the composition of saliva varies between individuals [20] . In addition, bacteria such as Staphylococcus aureus and Staphylococcus albus are more prevalent in patients with caries when compared to caries-free oral cavities [20] . Moreover, the release of enzymes and minerals in the oral cavity varies between individuals and can affect the pH of saliva [24, 25] . It is for these reasons that, in the current study, artificial saliva was used as one of the storage media as the composition could be controlled considerably, thus anticipating some ion exchange between the cement and artificial saliva resulting in increased flexural strength values. The result of the current study could not be compared with previous studies due to lack of testing of the flexural strength of GCP stored in artificial saliva.
Vaseline is another commonly used surface coating material after placement of restoration to prevent the material from moisture in the oral cavity during initial setting. This initial setting phase can last between 1 h and 2 weeks, and water contamination during this period may lead to poor physical properties [26] . Hence, Vaseline was tested as a storage medium to evaluate its effect on the materials during different time periods. The effect of Vaseline on GCP has not been studied earlier. The current study suggests that Vaseline did not have any effect on the flexural strength of GIC and GCP.
Storage of samples for 2 weeks showed the highest flexural strength, while samples stored for 4 weeks showed the lowest flexural strength. It has been shown that the strength of GIC reaches its peak in the first 24 h followed by a gradual decrease over time [14] . This increase in strength could be attributed to the formation of more ionic crosslinks during acid-base reaction in the final setting of the material, while the decrease in strength could be related to the hydration of these ionic crosslinks. A study conducted by Walls et al. [27] evaluated the temperature changes in GIC during the setting reaction. They concluded that the rise in temperature during mixing is responsible for the setting time of the cement. This can be directly related to the composition of glass present in the cement as it can affect the exothermic reaction leading to faster setting times and thus reaching optimum strength at an early stage [28] .
Other factors that might have influenced the strength of the samples are the different methods of dispensation and mixing for Fuji IX and GCP. Fuji IX was available in powder and liquid form and was mixed manually, while GCP was present in encapsulated form and was mixed with the help of a triturator. Billington et al. [28] suggested that the properties of the materials are altered if they are not mixed properly. A survey showed that many dental practitioners did not follow the mixing ratio specified by the manufacturer [29] , while another study showed that the strength of the cement was higher for the encapsulated form than for hand-mixed GIC [30] . Another factor affecting the strength could be the viscosity of the materials used in this study. GCP is highly viscous; therefore, achieving a uniform and homogenous sample was difficult, while Fuji IX flowed easily under pressure and resulted in more uniform samples.
Conclusion
The following conclusions can be drawn from this in vitro study: contrary to the claims of the manufacturer of improved flexural strength for GCP, both materials demonstrated similar results in this study. Therefore, their use should be limited where flexural stresses are low. Storage media do not provoke any significant difference in flexural strength at any time interval. The 2-week time interval showed the highest values for flexural strength, while the 4-week interval showed the least values. Further testing in the form of in vivo studies and randomized controlled trials are required to explore the true potential of GCP.
